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OBJECTIVE — To assess p-cell function preservation after 3.5 years of intensive therapy with 
insulin plus metformin (INS group) versus triple oral therapy (TOT group) with metformin, 
glyburide, and pioglitazone. 

RESEARCH DESIGN AND METHODS— This was a randomized trial of 58 patients with 
treatment-naive newly diagnosed type 2 diabetes. All patients were treated with insulin and 
metformin for a 3-month lead-in period followed by random assignment to the INS or 
TOT group. P-Cell function was assessed using a mixed-meal challenge test at randomization 
and 6, 12, 18, 30, and 42 months. Analyses were intention to treat and performed with 
repeated-measures models. 

RESULTS — Completion rates at 3.5 years were 83% in the insulin group and 72% in the TOT 

group, with good compliance in both groups (87 ± 20% in the INS group vs. 90 ± 15% in the 
TOT group). |3-Cell function was preserved at 3.5 years after diagnosis, with no significant 
change from baseline or difference between the two groups as measured by area under the curve 
(AUC) of C-peptide (P = 0.14) or the ratio of C-peptide to glucose AUC (P = 0.7). Excellent 
glycemic control was maintained in both groups (end-of-study HbA lc 6.35 ± 0.84% in the INS 
group vs. 6.59 ± 1.94% in the TOT group). Weight increased in both groups over time (from 
102.2 ± 24.9 kg to 106.2 ± 31.7 kg in the INS group and from 100.9 ± 23.0 kg to 110.5 ±31.8 
kg in the TOT group), with no significant difference between groups (P = 0.35). Hypoglycemic 
events decreased significantly over time (P = 0.01) but did not differ between groups (P = 0.83). 

CONCLUSIONS — |3-Cell function can be preserved for at least 3.5 years with early and 
intensive therapy for type 2 diabetes with either insulin plus metformin or triple oral therapy 
after an initial 3-month insulin-based treatment period. 



Type 2 diabetes is a chronic disease 
marked by progressive p-cell dysfunc- 
tion leading to insulin deficiency. In- 
sulin secretion declines because of the toxic 
effects of hyperglycemia (glucotoxicity) 
and free fatty acids (lipo toxicity) on pan- 
creatic (3-cells (1); therefore, correction of 
these insults early and intensively might 
preserve endogenous pancreatic function. 

Current American Diabetes Associa- 
tion treatment guidelines advocate starting 
with dietary therapy alone or monother- 
apy with metformin followed by a step- 
wise addition of further therapy after 
documented treatment failure (2). In the 



Diabetes Care 35:1406-1412, 2012 

UK Prospective Diabetes Study (UKPDS), 
dietary therapy achieved HbA lc goals in 
only 25% of patients at 3 years. Although 
insulin and sulfonylurea monotherapy 
were more effective, only 47 and 50%, re- 
spectively, were at goal at 3 years (3). 
Such an approach does not prevent the 
natural decline in |3-cell function and po- 
tentially exposes patients to prolonged 
periods of hyperglycemia, which has 
been associated with increased diabetes 
complications (4,5). 

A large retrospective review showed 
that patients' HbA lc averaged 9.4% 
before a therapeutic change was made, and 



patients spent up to 24 months with 
HbA lc >8% (6), a phenomenon known 
as clinical inertia. We believe that this step- 
wise approach does not alter the course of 
the disease and the end result is patients 
who are taking multiple antidiabetes 
drugs and still have not achieved glycemic 
targets. In vitro studies have shown that 
the shorter the period of antecedent glu- 
cose toxicity, the more likely that full re- 
covery of (3-cell function will occur (7), 
thus early and sustained interventions 
have the best chance of preserving (3-cell 
function. 

Several short-term studies have shown 
that intensive insulin therapy for 2-3 
weeks at the time of diagnosis leads to 
rapid improvement in insulin secretion, 
which may be maintained months after 
therapy is stopped (8-1 1). However, after 
1 year off therapy, remission rates were 
only 45-51% (1 1). In a longer study com- 
paring insulin versus oral monotherapy, 
after 6 months both groups achieved im- 
provement in (3-cell function, but im- 
provement was significantly greater in 
the insulin group (12). In A Diabetes Out- 
come Progression Trial (ADOPT), treat- 
ment with either glyburide, metformin, 
or rosiglitazone showed initial improve- 
ment in (3-cell function over the first 6 
months but then declined in all three 
groups over the following years as patients 
began to fail monotherapy (13). In conclu- 
sion, neither short-term intensive insulin 
therapy alone nor any oral monotherapy 
regimens have proven so far to preserve 
p-cell function long term, and the stepwise 
approach to diabetes treatment with its in- 
herent clinical inertia leads to hyperglyce- 
mia and continued p-cell dysfunction. 

Our study evaluated whether early 
intensive therapy with either an insulin- 
based or a triple oral hypoglycemic regi- 
men following an initial period of insulin 
therapy in treatment-naive newly diag- 
nosed patients with type 2 diabetes would 
preserve or even improve p-cell function 
over 3.5 years of treatment. 

RESEARCH DESIGN AND 
METHODS — We conducted a single- 
center, open-label, randomized clinical trial 
to evaluate the progression of p-cell dys- 
function over 3.5 years in patients with 
treatment-naive newly diagnosed type 2 
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diabetes. All patients were treated for 3 
months with insulin and metformin and 
then randomly assigned to treatment with 
either insulin plus metformin (INS group) 
or triple oral therapy (TOT group) with 
metformin, pioglitazone, and glyburide. 
The results of the first 3 -month run-in pe- 
riod were published previously (14) as 
were results of the glycemic control, ad- 
verse effects, and quality of life up to 36 
months (15). 

Participants and eligibility 

Patients aged 2 1-70 years with treatment- 
naive type 2 diabetes diagnosed within 
the previous 2 months were recruited 
from Parkland Hospital and the Clinical 
Diabetes Research Center at the Univer- 
sity of Texas Southwestern Medical Cen- 
ter at Dallas (UTSW). Exclusion criteria 
included type 1 diabetes-related antibodies, 
baseline HbA lc level <7%, elevated se- 
rum creatinine (>1.5 mg/dL in male 
and > 1 .4 mg/dL in female subjects), liver 
enzymes higher than two times the upper 
limit of normal, severe coronary artery 
disease (myocardial infarction within the 
past 6 months or active angina), heart failure 
stages III— IV, pregnancy or lack of approved 
contraception, untreated proliferative dia- 
betic retinopathy, any life-threatening 
conditions, use of more than two alcoholic 
drinks per day, or illicit drug use within 
the 6 months before enrollment. The study 
was approved by the institutional review 
board at UTSW, and written informed con- 
sent was obtained from all subjects preced- 
ing the start of the study. 

Randomization and interventions 

Following enrollment, insulin and met- 
formin were initiated in all patients for a 
3-month lead-in treatment period to en- 
able everyone to attain similar glycemic 
control prior to randomization. This also 
removed any preexisting glucotoxicity 
and associated temporary (3-cell stunning 
that might have been present in different 
degrees at the time of diagnosis. NovoLog 
mix 70/30 by Flexpen and metformin 
were initiated and titrated based on a pre- 
viously published algorithm (14). All pa- 
tients received diabetes education and 
nutritional and lifestyle counseling at en- 
rollment with reinforcement throughout 
the study. 

After 3 months of treatment, patients 
were randomly assigned to either continue 
insulin and metformin or begin triple oral 
therapy. Treatment assignment was de- 
termined with a stratified, blocked ran- 
domization. Randomization strata were race 



(African American or non-African American) 
and BMI (cutoff 35 kg/m 2 ), chosen to 
minimize possible baseline characteristic 
confounders on (3-cell function. The par- 
ticipants were enrolled and assigned (by 
I.L.) to interventions according to the ran- 
domization schema generated by the 
study statistician (B.A.-H.). 

Patients randomly assigned to the TOT 
group discontinued insulin, continued 
metformin 1 g twice daily (or maximum 
tolerated dose), and started 1.25 mg 
glyburide twice daily and 15 mg daily 
pioglitazone. Pioglitazone was titrated 
monthly to a final dose of 45 mg daily. 
Titration of insulin and glyburide (up to 
the highest clinically effective dose of 10 
mg daily) was performed by the study 
physician throughout the study, based on 
home blood glucose-monitoring logs to 
attain a fasting blood glucose level of 70- 
110 mg/dL and postprandial blood glu- 
cose level of <140 mg/dL. All patients 
were asked to monitor blood glucose at 
least twice daily regardless of the group as- 
signment. Initiation and dose adjustment 
of antihypertensive and lipid-lowering 
agents were allowed if medically neces- 
sary. Patients were followed at the Clinical 
Diabetes Research Center at UTSW monthly 
for the first 4 months, at 6 months after 
randomization, and every 3 months there- 
after for a total of 42 months. Treatment 
failure was a predefined study end point 
defined as HbA lc >8% confirmed by a 
second reading and occurring after maxi- 
mization of the glyburide dose or adequate 
insulin dose titration. Volunteers ran- 
domly assigned to the TOT group who 
reached this end point were transitioned 
to insulin and metformin treatment, 
whereas those randomly assigned to insu- 
lin continued with the same treatment. 
Follow-up after treatment failure continued 
as scheduled. 

Measurements 

Evaluation of (3-cell response was per- 
formed at 0, 6, 12, 18, 30, and 42 months 
postrandomization. Patients fasted the 
evening before, and antidiabetes treat- 
ment was withheld for 24 h prior to test- 
ing. A mixed-meal challenge test (MMCT) 
was performed using high-protein 
Boost 1 g/kg carbohydrate equivalent 
(or maximum of 90 g, equivalent to 
480 cc) ingested over 5 min. Glucose 
and C-peptide were collected at 0, 15, 
30, 60, 90, 120, 150, and 180 min from 
the time of ingestion. (3-Cell function was 
assessed using calculated C-peptide area 
under the curve (AUC C ) and glucose 



AUC (AUC G )- Total insulin secretion 
was calculated as the ratio of AUC C to 
AUC G . Initial insulin release was calcu- 
lated as C 0 _3o and C 0 _3o/Go-3o, and maxi- 
mal insulin production was calculated as 
Q-max and Co- max /Go-max- The incremen- 
tal AUC C (iAUC c ) and incremental AUC G 
(iAUC G ) were calculated as the AUC 
above baseline (fasting) values. C-peptide 
was measured using radioimmunoassay 
(Millipore), HbA lc by high-performance 
liquid chromatography, and glucose with 
Yellow Springs Instrument in the Clini- 
cal Diabetes Laboratory at UTSW. The 
laboratory is accredited by the National 
Glycohemoglobin Standardization Program. 

Patients were instructed to return their 
unused medications at every visit for in- 
ventory and estimation of patient compli- 
ance. We report the average compliance of 
all study medications in each group. 

Adverse events were documented 
throughout the study. Weight was assessed 
at every visit using the same scale. Mild 
hypoglycemic episodes were defined as 
symptoms indicative of low blood glucose 
accompanied by a documented capillary 
blood glucose value of <70 mg/dL. Severe 
hypoglycemia was defined as symptoms 
of hypoglycemia that required assistance 
from another individual for treatment, re- 
gardless of capillary blood glucose level. 

Statistical analysis 

The sample size was estimated to detect 
differences between the INS and TOT 
groups in AUC C of 240 ng/mlVmin, with 
an estimated SD of 225 ng/mL/min (16). 
To detect this effect size, completion of 20 
patients in each group was needed for 
power of 90% at a = 0.05. 

The intention-to-treat analysis is reported 
(unless otherwise stated), which included 
all subjects according to their randomiza- 
tion treatment assignment, including 
those who reached the predefined treat- 
ment failure end point and were switched 
from the TOT to INS group. 

AUC was computed using the trape- 
zoidal rule. Biochemical measurements 
and AUC responses were assessed with 
mixed-model repeated-measures analysis. 
Measurements obtained throughout the 
42 months of treatment were included in 
the analysis. The repeated-measures mod- 
els consisted of a treatment group factor, 
study time (month) factor, and interac- 
tion between group and time, with sub- 
ject modeled as a random effect. The 
difference in response between treatment 
groups was assessed via the interaction 
effect. Between- and within-group contrasts 
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were constructed from these models. AUC 
responses and hypoglycemic event rates 
were log or rank transformed, respectively, 
prior to analysis. Comparison of treatment 
failures rates was made with the log-rank 
test. Results are presented as mean and SD, 
unless otherwise specified. A two-sided 
P value <0.05 was considered statistically 
significant. Statistical analysis was per- 
formed with SAS version 9.2 (SAS Institute, 
Cary, NC). 

RESULTS — Sixty-three patients were 
recruited from November 2003 to June 
2005, and 58 completed the 3-month run-in 
period (29 were randomly assigned to 
continue insulin plus metformin and 29 
were changed to triple oral therapy (Fig. 1). 
Baseline characteristics of the two groups 
were similar (Table 1). Completion rates at 
3.5 years in the study were 24 of 29 (83%) 
in the INS group and 2 1 of 29 (72%) in the 
TOT group. Treatment failure occurred in 
three (10.3%) patients in the INS group 
and five (17.2%) patients in the TOT group 
(P = 0.33). 

P-Cell function 

Results of all the calculated p-cell func- 
tion indices are shown in Table 1. There 



Enrollment 
(n=63) 



Randomization 
(n=58) 



INS (n= 29) 



Lost to follow-up (n= 5) 
4 did not return to study visits 
1 moved out of area 

Discontinued intervention (n= 0) 

Treatment Failure (n=3*) but were 
continued in INS 

*one treatment failure was lost to 
follow-up 



Analyzed: 

Per-protocol (completers) (n=22) 

Intention-to-treat (n=24) 

All available data per protocol (n=29) 



Figure 1 — Patient flow chart. 



was no significant change over time in 
p-cell function between or within groups, 
as calculated by AUC G , AUC C , and AUC C / 
AUC G (Fig- 2A, C, and E). There also was 
no significant change over time or be- 
tween groups in the following: iAUC c , 
iAUC c /iAUC G (Fig. 2D and F), baseline- 
maximum or baseline-30 min AC-peptide 
or AC-peptide/Aglucose. There was a 
significant over-time decrease in iAUC G 
(P < 0.001) in the TOT group when 
compared with the INS group, which 
had no significant change (P = 0.009 
group-by-time interaction) (Fig. IB). Like- 
wise, the baseline-30 min and baseline- 
maximum glucose (P = 0.004) were 
significantly reduced over time in the 
TOT but not the INS group (P = 0.002 
and P = 0.03, respectively, group-by-time 
interaction). These findings suggest an 
overall postprandial glycemic benefit of 
triple oral therapy, yet the two groups 
had very similar glycemic control and 
p-cell function. 

Glycemic control 

HbA lc was substantially improved in both 
groups during the 3-month lead-in period 
(from 10.8 ± 2.6% to 5.9 ± 0.5%) (14). At 
3.5 years after randomization HbA lc was 



Excluded (n= 4) 
> Inclusion criteria not met (n= 4) 
Refused to participate (n= 0) 
Other reasons (n=0) 



Excluded (n= 5) 
> Randomization criteria not met (n=5) 
2 incarcerated 
2 moved out of area 
1 hospitalized for lithium overdose 
Refused to participate (n= 0) 







TOT (n= 29) 




r 



Lost to follow-up (n= 8) 
4 did not return to study visit 

1 pregnancy 

3 moved out of area 
Discontinued intervention (n= 5) 
3 Treatment Failure and were 
transitioned to INS 

2 occurred at last visit 



Analyzed: 

Per-protocol (completers) (n=18) 

Intention-to-treat (n=21) 

All available data per protocol (n=29) 



6.35 ± 0.84% INS versus 6.59 ± 1.94% 
TOT (P = 0.54 group by time interaction), 
and 19/24 (79%) in INS and 17/21 (81%) in 
TOT met ADA guidelines of HbA lc <7%. 
The average insulin dose at the time of ran- 
domization was 0.63 ± 0.29 units/kg/day 
while after 42 months it increased to 
0.82 ± 0.43 units/kg/day in INS. 

Safety and compliance 

Most participants in this study were obese 
at randomization (76%). Weight increased 
in both groups over time (from 102.2 ± 
24.9 to 106.2 ± 31.7 kg in the INS group 
and from 100.9 ± 23.0 to 110.5 ± 31.8 
kg in the TOT group), with no significant 
difference between groups (P = 0.35) 
(Fig. 3A). 

There was a low rate of mild hypo- 
glycemia overall, defined conservatively 
as any symptoms with a glucose reading 
<70 mg/dL. Mild hypoglycemia de- 
creased significantly over time (P = 0.01) 
but did not differ significantly between 
groups (P = 0.5). Both groups had on av- 
erage 1.3 ± 1.5 events in the month after 
randomization, but this fell rapidly and 
leveled off by month 9. At the end of the 
study, there were 0.5 ± 0.8 events per 
month in the INS group and 0.4 ± 0.5 
events per month in the TOT group (Fig. 
3B). Of interest, the proportion of patients 
having any hypoglycemic events re- 
mained stable throughout the study 
(48.5% in the INS group and 52.9% in 
the TOT group), but the number of events 
per person decreased over time. 

Two participants in the INS group had 
three events of severe hypoglycemia (all 
within the first month postrandomization), 
whereas four participants in the TOT group 
had six such events (four in the first 2 
months postrandomization). 

Compliance with all medications at 
3.5 years was 87 ± 20% in the INS group 
and 90 ± 15% in the TOT group. 

CONCLUSIONS— Our data show 
that (3-cell function can be preserved for 
at least 3.5 years after diagnosis of type 2 
diabetes when intensive therapy is initi- 
ated early in the disease process. This was 
true regardless of the method used to attain 
intensive control (insulin-based regimen 
or a triple combination of oral agents, 
both after an initial 3-month insulin treat- 
ment period). Both treatments led to excel- 
lent glycemic control, were well tolerated, 
safe, and had good compliance. Failure 
rate was low in both groups. This confirms 
previous studies that showed (3-cell pre- 
servation with short-term intensive insulin 
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Table 1 — Baseline and end of study (42-month) data 





INS 






TOT 


Interaction 




Baseline 


42 months 


Baseline 


42 months 


p * 




n 


29 


24 


29 


21 






A ( \ 






AC r\ (If) ~7\ 








Sex (male/female) 


20/9 




17/12 








Ethnicity (African American/Hispanic/ 
white/other ) {%) 


/it nonn /a 

41/38/20/0 




45/38/14/3 








Weight (kg) 


102.2 (24.9) 


106.2 (31.7) 


100.9 (23.0) 


110.5 (31.8) 


0.35 




35.6 (6.6) 


37.4 (9.3) 


36.5 (8.0) 


39.7 (10.6) 


0.39 




HbA lc (%) 


6.0 (0.5) 


6.4 (0.8) 


5.9 (0.5) 


6.6 (1.9) 


0.54 


















MMCT 














C-peptide Fasting (ng/mL) 


3.4(1.6) 


4.8 (3.4) 


2.9 (1.2) 


3.7 (1.6) 


0.38 




AUC G (mg/dL/min) 


29,723 (6,297) 


30,185 (8,748) 


29,796 (6,925) 


32,019 (17,164) 


0.52 




AUC C (ng/mL/min) 


1,624 (576) 


2,084 (927) 


1,646 (663) 


1,700 (1,017) 


0.15 




Ratio (AUC C /AUC G ) 


0.058 (0.025) 


0.076 (0.042) 


0.058 (0.028) 


0.064 (0.045) 


0.75 




iAUC G (mg/dL/min) 


9,619 (3,867) 


9,785 (4,854) 


11,250 (4,507) 


9,665 (7,024) 


0.009 




iAUC G (ng/mL/min) 


1,016 (460) 


1,301 (813) 


1,115 (614) 


1,160 (814) 


0.55 




Ratio (iAUC c /iAUC G ) 


0.125 (0.073) 


0.159 (0.137) 


0.109 (0.068) 


0.217 (0.238) 


U. 1U 




Glucose^n „;„ (rni?/dL) 


157.7 (33.5) 


156.5 (40.6) 


160.5 (47.1) 


164.2 (84.6) 


0.52 




C-peptide 30 m in (ng/mL) 


6.2 (2.8) 


8.8 (3.9) 


7.0 (3.6) 


6.8 (3.6) 


0.16 




A G 0 _ 30 mm (mg/dL) 


46.0 (20.0) 


43.1 (16.9) 


57.4(31.6) 


37.3 (31.6) 


0.002 




A C 0 _3o min (ng/mL) 


2.8 (2.4) 


4.1 (4.0) 


4.1 (3.3) 


3.1 (2.8) 


0.26 




Ratio (AC/AG) 0 -3o mm 


0.070 (0.062) 


0.100 (0.125) 


0.078 (0.068) 


0.082 (0.105) 


0.58 




AGo_max (mg/dL) 


83.8 (26.8) 


80.7 (37.9) 


95.7 (34.6) 


85.2 (62.5) 


0.03 


















Ratio (AC/AG) 0 _max 


0.116 (0.067) 


0.169 (0.136) 


0.102 (0.060) 


0.160 (0.178) 


0.17 





Data are means (SD). * Interaction factor (group X time) from repeated-measures analysis of all data from baseline to 42 months. 



therapy or oral monotherapy, but most im- 
portantly our study shows that an insulin- 
based regimen or a combination of oral 
hypoglycemic agents has the potential to 
change the course of the disease for a more 
meaningful period of time. 

Chen et al. (12) performed a similar 
study in which 50 patients with newly di- 
agnosed type 2 diabetes were treated in- 
house with intensive insulin therapy for 
10-14 days and then randomly assigned 
to continue insulin therapy (NPH only) 
or change to a single oral medication 
(metformin or a sulfonylurea based on 
BMI) for 6 months. The oral drugs were 
titrated up at clinic visits (every 2-4 
weeks), and after maximum titration the 
other drug was added. The study showed 
that HbA lc was significantly higher in 
the oral treatment group at 6 months 
postrandomization (7.5 ±1.5 vs. 6.33 ± 
0.70%). Both groups had improved 
(3-cell function using oral glucose toler- 
ance testing, but significantly more im- 
provement was seen in the insulin 
therapy group. Unfortunately, the study 
only analyzed (3-cell function in patients 



with HbA lc <7% (-90% of the insulin 
group and 45% of the oral group), which 
likely excluded patients in whom (3-cell 
function actually declined below base- 
line, especially in the oral group. Our 
study snowed comparable improvement 
in glycemic control and (3-cell function 
in both treatment groups. This difference in 
results could be attributed to initial 
shorter treatment with insulin at diagno- 
sis (10-14 days vs. 3 months), possibly 
inducing less recovery of "stunned" 
(3-cells (17), or the stepwise treatment 
strategy used in the oral group. NPH in- 
sulin was titrated up every 3 days based 
on fasting blood glucose readings, 
whereas the oral agent was only titrated 
up or an additional pill added at office 
visits. This approach illustrates the pit- 
falls of the currently advocated stepwise 
titration strategy of oral medications lead- 
ing to less and slower improvement in hy- 
perglycemia and (3-cell recovery. 

The ADOPT trial randomly assigned 
recently diagnosed (<3 years) treatment- 
naive patients with diabetes (baseline 
HbAi c 7.36 ± 0.93%) to monotherapy with 



either metformin, glyburide, or rosiglitazone 
for a median of 4 years (13). Although 
glycemic control improved within the 
first 6 months, HbA lc increased over the 
next 3.5 years, and at 4 years only 40% of 
rosiglitazone, 36% of metformin, and 
26% of glyburide groups had HbA lc 
<7%. This correlated with (3-cell func- 
tion (assessed by homeostasis model as- 
sessment), which also increased in all 
groups at 6 months but then declined 
steadily over the remainder of the study, 
with a greater fall in the group with the 
highest failure rate (6.1% annual decline 
in glyburide) and lowest in the group 
with the lowest failure rate (2% annual 
decline in rosiglitazone). These results fur- 
ther demonstrate the lack of durability 
(conferred by (3-cell function stabilization 
or improvement) of single-drug therapy 
even when initial glycemic control is not 
far from goal. Of note, rosiglitazone, a per- 
oxisome proliferator-activated receptor-7 
agonist, was most durable. 

Thiazolidinediones confer a protective 
effect on (3-cells through multiple mecha- 
nisms, as they 1) improve insulin sensitivity, 
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Figure 2 — MMCT results. A: AUC G . B: iAUC G . C: AUC C . D: iAUC c . E: Ratio ofAUC c to AUC G . F: Ratio of iAUC c to iAUC G . Data are means and 
95% CIs. 



leading to reduced glucotoxicity; 2) in- 
crease insulin-sensitive adipocytes pro- 
moting fatty acid uptake and storage, 
leading to reduced lipotoxicity (18); and 
3) directly prevent p-cell apoptosis and 
increase proliferation in animal models (19). 
They have been shown to improve (3-cell 
function in several clinical trials (20-22) 



and may have been a pivotal component in 
the TOT group in our study. Yet it is clear 
that not even thiazolidinedione monotherapy 
is sufficient to alter the natural course of 
the disease, and a multidrug approach is 
most appropriate. 

Our study was 42 months but involved 
frequent clinic visits (every 3 months) with 



intensive medication titration, plenty of 
encouragement, and regular compliance 
checks. This likely improved patient satis- 
faction and compliance. It also let us dili- 
gently collect any and all adverse events. 
This should not hinder applicability to 
outpatient clinical treatment as it is well 
known that type 2 diabetes is a progressive 
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Month Month 

Figure 3 — Safety measures. A. Weight. B: Mild hypoglycemic episodes, defined as any symptoms associated with a capillary glucose level of <70 
mg/dL. Data are reported as means and 95% CIs. 



disease and does require frequent medi- 
cation titration and a multidisciplinary 
approach with frequent visits. We also 
acknowledge that the 3.5 year follow-up 
in this study, although a lot longer than any 
previous intervention that achieved (3-cell 
stabilization, is still short when the life-long 
burden of diabetes is considered. We are 
continuing to follow-up our study volun- 
teers to assess whether these results persist. 

We assessed (3-cell function using oral 
mixed-meal testing, which gives a more 
comprehensive assessment of (3 -cell func- 
tion, taking into account intestinal incre- 
tin hormone interactions. In addition, we 
measured C-peptide to avoid the draw- 
backs of using insulin concentration: 1) 
insulin measurement is not simply a func- 
tion of pancreatic secretion but also de- 
pends on clearance, 2) insulin antibodies 
can develop and interfere with measure- 
ment, and 3) the insulin assays can cross- 
react with the exogenous insulin patients 
were receiving. 

Given the design of the study, we are 
unable to differentiate whether the (3-cell 
preservation effect was attributed to the ini- 
tial insulin-based therapy that all patients 
received in the run-in phase or attributed to 
ongoing therapy received after randomiza- 
tion. Several studies have shown that short- 
term insulin treatment in patients with 
newly diagnosed type 2 diabetes can lead 
to rapid improvement in (3-cell function 
(8-11) and even [3 -cell preservation up to 
1 year (10,11). Although we have certainly 
noted a very rapid and impressive improve- 
ment in glycemia with this initial insulin 
treatment (14), we believe that in the 
absence of continuous intensive therapy 
this would not have been sustained. 



Conversely, we believe that the results of 
the study might have been quite different 
in the absence of the run-in period, where 
all patients were treated with an insulin- 
based regimen. This study was designed to 
compare the progression of (3-cell dys- 
function in patients treated with intensive 
insulin-based therapy versus intensive oral 
therapy and had no control group receiving 
stepwise initiation of either therapy. How- 
ever, we believe there is well-established 
evidence that there is progressive loss of 
|3-cell function in patients with type 2 di- 
abetes treated in this manner. 

We did observe more variability than 
anticipated for the primary outcome AUC C . 
This certainly limited our power to detect 
a between-group as well as an over-time 
difference in the primary outcome. Never- 
theless AUC C seems to have slightly in- 
creased overtime, especially in the INS 
group (Fig. 2C); therefore, our conclu- 
sions are conservative and well supported 
by the data. 

The population in our trial is represen- 
tative of minorities (43% African American 
and 38% Hispanic), mostly recruited from 
the county hospital system. This lends 
additional strength to these findings, as 
these therapeutic interventions were suc- 
cessfully administered and results attained 
in a patient population most challenging 
to treat. 

Our study shows that it is possible to 
preserve (3-cell function long after the ini- 
tial diagnosis of type 2 diabetes if therapy 
is initiated in a timely and intensive man- 
ner. Instead of starting with diet and/or 
monotherapy followed by stepwise treat- 
ment escalation when failure is achieved, 
patients should be treated with an initial 



period of intensive insulin therapy to 
maximize (3-cell recovery and then either 
continued on an insulin-based regimen or 
switched to multiple hypoglycemic med- 
ications with complementary mecha- 
nisms of action. Either of these strategies 
will stabilize (3-cell function and maintain 
excellent long-term glucose control, a de- 
sirable disease-modifying effect. In addi- 
tion, this can be achieved safely, and we 
have previously shown (15) that both treat- 
ment strategies have high patient satisfac- 
tion ratings with improved quality of life. 

In conclusion, intensive insulin therapy 
at the time of diagnosis of type 2 diabetes 
followed by either an insulin-based regimen 
or multiple oral hypoglycemic agents pre- 
serves both glycemic control and (3-cell 
function for at least 3.5 years with no signif- 
icant difference in the adverse-effect profile. 



Acknowledgments — The study was funded 
by an Investigator Initiated Trial Grant from 
Novo Nordisk (to I.L.). I.L. was supported by 
National Institutes of Health (NIH) Grant 
1-K23-RR-024470 and B.A.-H. by NIH UL1- 
RR-024982. 

I.L. serves on the Novo Nordisk scientific 
advisory board. P.R. is an advisor for Amgen and 
AstraZeneca and is on the Speakers Bureau for 
Novo Nordisk. No other potential conflicts of 
interest relevant to this article were reported. 

L.B.H. was involved in data research and in- 
terpretation, manuscript preparation and edits, 
and reading and approval of the final manu- 
script. B.A.-H. was involved in the design of 
the study, data analysis, manuscript preparation 
and edits, and reading and approval of the final 
manuscript. P.R. was involved in the design of 
the study, manuscript edits, and reading and 
approval of the final manuscript. I.L. contributed 
to the conception and design of the study, 



care, diabetesj ournals . org 



Diabetes Care, volume 35, July 2012 



1411 



fi-Cell preservation in diabetes at 3.5 years 



data collection, management, cleaning and in- 
terpretation, manuscript preparation and re- 
vision, and provided medical management and 
counseling to the study participants. I.L. is the 
guarantor of this work and, as such, had full 
access to all the data in the study and takes re- 
sponsibility for the integrity of the data and the 
accuracy of the data analysis. 

Parts of this study were presented at the 72nd 
Scientific Sessions of the American Diabetes 
Association, Philadelphia, Pennsylvania, 8-12 
June 2012. 

The authors thank Cristina Garza for skillful 
assistance with the study volunteers, Laura 
Golici for database support, and Maduri Podhuri 
for editorial assistance. All are employees of 
the University of Texas Southwestern Medical 
Center. 



References 

1. Cusi K. The role of adipose tissue and 
lipotoxicity in the pathogenesis of type 2 
diabetes. Curr Diab Rep 2010;10:306-315 

2. Nathan DM, Buse JB, Davidson MB, et al.; 
American Diabetes Association; European 
Association for Study of Diabetes. Medical 
management of hyperglycemia in type 2 
diabetes: a consensus algorithm for the 
initiation and adjustment of therapy: a con- 
sensus statement of the American Diabetes 
Association and the European Association 
for the Study of Diabetes. Diabetes Care 
2009;32:193-203 

3. Turner RC, Cull CA, Frighi V, Holman 
RR; UK Prospective Diabetes Study (UKPDS) 
Group. Glycemic control with diet, sulfo- 
nylurea, metformin, or insulin in patients 
with type 2 diabetes mellitus: progressive 
requirement for multiple therapies (UKPDS 
49). JAMA 1999;281:2005-2012 

4. Steffes MW, Sibley S, Jackson M, Thomas 
W. |3-Cell function and the development 
of diabetes-related complications in the 
diabetes control and complications trial. 
Diabetes Care 2003;26:832-836 



5. UK Prospective Diabetes Study (UKPDS) 
Group. Intensive blood-glucose control with 
sulphonylureas or insulin compared with 
conventional treatment and risk of com- 
plications in patients with type 2 diabetes 
(UKPDS 33). Lancet 1998;352:837-853 

6. Brown JB, Nichols GA. Slow response to 
loss of glycemic control in type 2 diabetes 
mellitus. AmJ Manag Care 2003;9:213-2 17 

7. Gleason CE, Gonzalez M, Harmon JS, 
Robertson RP. Determinants of glucose 
toxicity and its reversibility in the pan- 
creatic islet beta-cell line, HIT-T15. Am 
J Physiol Endocrinol Metab 2000;279: 
E997-E1002 

8. Garvey WT, OlefskyJM, Griffin J, Hamman 
RF, Kolterman OG. The effect of insulin 
treatment on insulin secretion and insulin 
action in type II diabetes mellitus. Diabetes 
1985;34:222-234 

9. Ilkova H, Glaser B, Tungkale A, Bagriagik 
N, Cerasi E. Induction of long-term glycemic 
control in newly diagnosed type 2 dia- 
betic patients by transient intensive in- 
sulin treatment. Diabetes Care 1997;20: 
1353-1356 

10. Ryan EA, Imes S, Wallace C. Short-term 
intensive insulin therapy in newly di- 
agnosed type 2 diabetes. Diabetes Care 
2004;27:1028-1032 

11. Weng J, Li Y, Xu W, et al. Effect of in- 
tensive insulin therapy on beta-cell function 
and glycaemic control in patients with newly 
diagnosed type 2 diabetes: a multicentre 
randomised parallel-group trial. Lancet 2008; 
371:1753-1760 

12. Chen HS, Wu TE, Jap TS, Hsiao LC, Lee 
SH, Lin HD. Beneficial effects of insulin on 
glycemic control and beta-cell function in 
newly diagnosed type 2 diabetes with se- 
vere hyperglycemia after short-term in- 
tensive insulin therapy. Diabetes Care 2008; 
31:1927-1932 

13. Kahn SE, Haffner SM, Heise MA, et al.; 
ADOPT Study Group. Glycemic durability 
of rosiglitazone, metformin, or glyburide 



monotherapy. N Engl J Med 2006;355: 
2427-2443 

14. Lingvay I, Kaloyanova PF, Adams-Huet B, 
Salinas K, Raskin P. Insulin as initial 
therapy in type 2 diabetes: effective, safe, 
and well accepted. J Investig Med 2007; 
55:62-68 

15. Lingvay I, Legendre JL, Kaloyanova PF, 
Zhang S, Adams-Huet B, Raskin P. Insulin- 
based versus triple oral therapy for newly 
diagnosed type 2 diabetes: which is better? 
Diabetes Care 2009;32:1789-1795 

16. Tura A, Ludvik B, Nolan JJ, Pacini G, 
Thomaseth K. Insulin and C-peptide se- 
cretion and kinetics in humans: direct and 
model-based measurements during OGTT. 
AmJ Physiol Endocrinol Metab 2001 ;281 : 
E966-E974 

17. Kilpatrick ED, Robertson RP. Differentia- 
tion between glucose-induced desensiti- 
zation of insulin secretion and beta-cell 
exhaustion in the HIT-T15 cell line. Dia- 
betes 1998;47:606-611 

18. Yki-Jarvinen H. Thiazolidinediones. N Engl 
J Med 2004;351:1106-1118 

19. Finegood DT, McArthur MD, Kojwang D, 
et al. p-Cell mass dynamics in Zucker di- 
abetic fatty rats. Rosiglitazone prevents 
the rise in net cell death. Diabetes 2001; 
50:1021-1029 

20. Juhl CB, Hollingdal M, Porksen N, Prange 
A, Ldnnqvist F, Schmitz O. Influence of 
rosiglitazone treatment on beta-cell func- 
tion in type 2 diabetes: evidence of an 
increased ability of glucose to entrain 
high-frequency insulin pulsatility. J Clin 
Endocrinol Metab 2003;88:3794-3800 

21. Ovalle F, Bell DS. Effect of rosiglitazone 
versus insulin on the pancreatic (3-cell 
function of subjects with type 2 diabetes. 
Diabetes Care 2004;27:2585-2589 

22. Xiang AH, Peters RK, Kjos SL, et al. Effect 
of pioglitazone on pancreatic (3-cell func- 
tion and diabetes risk in Hispanic women 
with prior gestational diabetes. Diabetes 
2006;55:517-522 



1412 



Diabetes Care, volume 35, July 2012 



care .diabetesj ournals .org 



